MMPI-2 results from 39 moderately to severely head injured (HI) and 44 community volunteer (CV) participants given instructions to feign symptoms or answer honestly during an analog forensic neuropsychological examination were compared. No significant effects for HI or the interaction between the HI and instruction set (IS) factors were noted on either clinical or selected validity scales (F, Fb, F(p), Ds2, FBS). However, the main effect of IS was significant for both clinical and validity scales (median Cohen's d = 1.34 and 1.39, respectively). Most validity scales were characterized by perfect specificity rates but low to modest sensitivity, whereas FBS had both moderate sensitivity and specificity. Logistic regressions showed that the F and Ds2 scales made a significant contribution independent of motivational tests to the identification of feigning during neuropsychological examination.
Introduction
recently documented growing research and clinical interest in the field of forensic neuropsychology as illustrated in journal publications and professional conference presentations. Within this discipline, identification of ଝ This paper is based on a thesis submitted by Chantel S. Dearth in partial fulfillment of the requirements for a Master of Science in clinical psychology.feigned symptoms presented during forensic assessment has become a particularly important topic.
The utility of "motivational tests" (PDRT: Binder & Willis, 1991; DMT: Guilmette, Hart, Giuliano, & Leininger, 1994) given during neuropsychological examinations is well established (Vickery, Berry, Inman, Harris, & Orey, 2001 ). However, lingering uncertainty has surrounded the potential contribution of validity scales embedded in self-report psychopathology inventories. Currently, there is an ongoing debate about the effectiveness of validity indicators such as the MMPI-2 F family of scales for detection of feigned symptoms presented during neuropsychological assessment. Early work by Heaton, Smith, Lehman, and Vogt (1978) suggested that the MMPI F scale was one of the best indicators of simulated malingering during actual forensic neuropsychological evaluations. Berry et al. (1995) also found several MMPI-2 validity scales (F, Fb, F(p) , and Ds2) to be sensitive to fabrication and exaggeration of head injury symptoms by analog malingerers and litigating head injury patients, respectively.
In contrast to these positive findings on the sensitivity of traditional MMPI-2 validity indicators to feigned head injury symptoms, Greiffenstein, Gola, and Baker (1995) raised several concerns. They noted that the MMPI-2 F and F-K scales did not differ significantly between compensation-seeking probable malingerers and genuine head injury patients from a private practice. Factor analysis of MMPI-2 validity scales and motivational indices from these samples identified two distinct dimensions characterized as feigned emotional problems and feigned neurobehavioral deficits. MMPI-2 validity indices loaded on the emotional feigning but not neurobehavioral feigning factor. Greiffenstein et al. concluded that real-world TBI malingerers feigned neurobehavioral deficits like amnesia rather than emotional problems. They further suggested that "real-world malingerers have more experience with real TBI patients and TBI specialists, experiences with which they can fine tune a more credible presentation" and that the MMPI-2 F scale "is not helpful in real-world clinical-forensic settings" (p. 238).
Larrabee (1998) developed Greiffenstein et al.'s suggestion of multiple types of feigning during forensic neuropsychological examinations and presented data documenting a type of malingering distinct from feigned psychiatric disorder and feigned cognitive deficits. He noted that, in neuropsychological settings, somatic complaints such as pain, paresthesias, malaise, etc. were common and represented on MMPI-2 clinical scales Hs and Hy. This observation was important because the traditional MMPI-2 validity scales, such as F and Fb, appear to be particularly sensitive to feigned psychotic symptoms, many of which are found on clinical scales Pa and Sc. Thus, he suggested that traditional MMPI-2 validity scales might be insensitive to feigned somatic symptoms. Similarly, Boone and Lu (1999) presented evidence for somatic malingering during forensic neuropsychological examinations which was not adequately identified by the MMPI-2 F scale.
The existence of a type of malingering involving physical complaints that was undetectable by traditional MMPI-2 validity scales led Larrabee (1998) to propose that the Lees-Haley Fake Bad Scale (FBS; Lees-Haley, English, & Glenn, 1991) , initially developed to detect spurious symptoms in personal injury lawsuits, was more sensitive to feigned physical problems than traditional MMPI-2 indicators. Larrabee (1998) showed, in a sample of compensation-seeking head-injured evaluees who failed motivational testing and elevated MMPI-2 scales Hs and Hy, that the FBS scale was most sensitive to somatic feigning.
The relative effectiveness of the traditional MMPI-2 Fake Bad Scales and the FBS for feigned symptoms of head injury has subsequently been evaluated in several publications, although few have included appropriate control groups. Tsushima and Tsushima (2001) found that litigating personal injury patients (40% claiming TBI) had significantly higher scores on FBS than non-compensation seeking patients. Miller and Donders (2001) compared MMPI-2 results from litigating and non-litigating mild TBI claimants with more severely injured non-compensation-seeking TBI patients. Although mean FBS results were not presented, it was reported that only 4% of the severe TBI patients exceeded the FBS cutting score (M > 23, F > 25), as did 30% of the non-compensation-seeking mild TBI patients and 50% of the compensation-seeking mild TBI patients. Additionally, logistic regression showed that FBS scores were significantly predicted only by mild head injury and compensation seeking. Greiffenstein, Baker, Gola, Donders, and Miller (2002) reported that at a cutting score of >23, FBS was superior to the F family of MMPI-2 scales for identifying patients with atypical TBI outcomes. They also noted that FBS, unlike the other validity scales, correlated significantly with motivational test results. Meyers, Millis, and Volkert (2002) compared litigating to non-litigating chronic pain patients, many of whom reported head injury, and found the FBS scale significantly higher for the compensation-seekers. Larrabee (2003) compared MMPI-2 results from compensation-seeking TBI patients who had definite malingered neurocognitive deficit (MNCD: Slick, Sherman, & Iverson, 1999 ) with a control group of severely injured TBI patients. Using a FBS cutting score of ≥22, Larrabee found that this scale outperformed all other validity scales for identification of MNCD. Additionally, logistic regression indicated that the FBS scale was the best MMPI-2 predictor of MNCD. Ross, Millis, Krukowski, Putnam, and Adams (2004) reported that FBS outperformed the F family of scales in differentiating mild TBI litigants with objective evidence for feigning on symptom validity testing from more severely injured patients who were examined in a non-compensation seeking context.
Negative results have also been reported for the FBS, although these have tended to involve non-TBI patients. Elhai, Gold, Frueh, and Gold (2000) found that FBS was not among the better predictors of feigned PTSD in a simulation design with a PTSD control group. Butcher, Arbisi, Atlis, and McNulty (2003) compared FBS scores across multiple large patient groups screened using traditional MMPI-2 validity indicators and reported a possible high rate of false positives using the scale. Similarly, although Iverson, Henrichs, Barton, and Allen (2002) found adequate sensitivity rates for the FBS scale, they noted high rates of false positive classifications in non-feigning medical and psychiatric groups. Thus, while available evidence on the accuracy of the FBS scale for detecting malingered somatic complaints during forensic neuropsychological examinations for TBI is generally positive, potential concerns have appeared, particularly regarding its specificity for psychiatric disorder.
The present report examines the effectiveness of the traditional MMPI-2 validity and FBS scales for detection of malingering in an experimental design crossing the factors of head injury (significantly head injured patients and matched community volunteers) with instruction set (standard instructions and feign head injury) in an analog forensic neuropsychological examination. A previous paper from this project documented the accuracy of motivational tests for detecting feigning (Vickery et al., 2004) . This study focuses on the possible independent predictive power of MMPI-2 validity indices for detecting feigning beyond that afforded by motivational tests.
Method

Participants
Prospective head injured (HI) participants were recruited by fliers in waiting rooms of appropriate clinical specialists and head injury support group meetings, as well as advertisements in newspapers. HI participants were required to have experienced a head injury that resulted in loss of consciousness for ≥1 h, undergone evaluation in a regional medical center, be willing to sign releases for medical records, have no current involvement in any form of compensation-seeking, and have no significant substance abuse history. Most of the initial 49 HI subjects had been injured in moving vehicle accidents with the remainder experiencing falls (18%) or assaults (11%). All HI participants denied current compensation-seeking, although 60% indicated that they had done so in the past.
The 53 initial community volunteers (CV) were recruited by advertisements and fliers in business and entertainment sites. CV participants were matched to HI groups on demographic variables and had no history of significant neurological, psychiatric, or substance abuse or head injury with loss of consciousness.
Materials
All participants completed an informed consent agreement, demographic and medical questionnaires, a battery of motivational and standard neuropsychological tests as well as the MMPI-2, and a post-testing debriefing form requesting ratings using a 10-point scale (0 low to 10 high) on understanding, memory, compliance, and effort to follow instructions. HI subjects also completed a release form for medical records on their injury.
A coaching sheet was prepared for malingering participants. This included head injury symptoms described on Websites of eight brain injury foundations and eight attorneys who provided such information. Symptoms appearing in at least half of each Website type were included. Additionally, "tips" for avoiding detection as a malingerer from previous studies (Frederick & Foster, 1991; Inman et al., 1998; Martin, Bolter, Todd, Gouvier, & Nicholls, 1993; Rose, Hall, & Szaldi-Petree, 1995) were included. Because of ethical concerns regarding publishing information that might compromise the validity of psychological tests (Ben-Porath, 1994; Berry, Lamb, Wetter, Baer, & Widiger, 1994) Lezak (1995) and Wechsler (1997) . Raw scores from Wechsler series tests were transformed to scaled scores, whereas remaining tests were transformed to T-scores using the Heaton, Grant, and Matthews (1991) norms.
Malingering tests included the Digit Memory Test (DMT; Hiscock & Hiscock, 1989) modified to Guilmette et al.'s 36-item form (1994) , the Test of Memory Malingering (TOMM; Tombaugh, 1997) , and the Letter Memory Test (LMT; Inman et al., 1998) . Detailed descriptions are available in Vickery et al. (2004) .
Participants were also administered the MMPI-2 (Butcher, Dahlstrom, Graham, Tellegen, & Kaemmer, 1989) . This 567-item T/F inventory is the most commonly administered test in forensic evaluations (Pope, Butcher, & Seelen, 2000) . The standard clinical scales and selected validity scales were scored. Based on results from a recent meta-analysis of the effectiveness of these scales for detecting malingered symptoms (Rogers, Sewell, Martin, & Vitacco, 2003) , the traditional F, Fb, F(p) , and Ds2 scales were selected. The MMPI F and Ds scales performed well in an early meta-analysis of the detection of feigning on the test (Berry, Baer, & Harris, 1991) . The F and Ds2 scales include the items from the original scales that were retained on the MMPI-2. Fb is similar to the F scale but covers the latter part of the MMPI-2. F(p) includes items rarely endorsed by the MMPI-2 normative group and a large sample of psychiatric inpatients (Arbisi & Ben-Porath, 1998) . Additionally, the Lees-Haley Fake Bad Scale was scored in light of reports of its superiority for detection of feigning in neuropsychological evaluations (Larrabee, 1998) .
Cutting scores for identifying feigned symptoms were taken from Lewis, Simcox, and Berry (2002) for the F and Fb scales (>107T and >108T, respectively), from Arbisi and Ben-Porath (1998) for the F(p) scale (>100T), from Rogers et al. (2003) for the Ds2 scale (>35 raw), and from Larrabee (2003) for the FBS scale (≥22 raw).
Procedure
HI and CV participants who met screening requirements were evaluated by two research assistants. RA1 explained the study, obtained consent, supervised completion of questionnaires, gave the NART-R under standard instructions and obtained a medical release from HI participants.
Participants were randomly assigned by RA1 to control or malingering instructions, creating four groups: HI controls (HIC), HI malingerers (HIM), CV controls (CVC), and CV malingerers (CVM). Controls were told by RA1 to perform their best on subsequent tests, but not to reveal their instructions to RA2. They were also told that they would receive $75.00 for participation.
RA1 told HIM and CVM participants that they would receive $75.00 for participation and a bonus of $20.00 if they fulfilled their instructions without being detected. They then read a detailed scenario describing an evaluation to determine readiness to return to work following a head injury. They were asked to imagine that they were not able to return to work and were to complete the tests to document disability. They were cautioned to avoid obvious feigning and detection. They were then given the coaching sheet and time to consider how they would approach the testing. When they indicated their readiness, RA1 checked for any questions, cautioned them not to reveal their instructions to their examiner, and reminded them of the potential bonus.
RA2, blind to the instruction set, administered the neuropsychological tests in counterbalanced order, following standard procedures with brief rest breaks as needed. After neuropsychological testing was completed, participants were given the MMPI-2 and a written reminder to follow their instruction set. After completion of testing, RA1 replaced RA2 and requested completion of the debriefing forms. Control participants were then paid $75.00 and allowed to leave. HIM and CVM participants were asked to complete the post-test forms while their tests were scored. RA1 left the room during this time and returned to provide malingering participants with a $95.00 honorarium.
Obtained data were screened to increase internal validity. Three HI participants were dropped, two for inadequate injury severity indicators, and one for history of severe psychopathology, leaving 23 in both the HIM and HIC groups. Five CV participants were eliminated for self-reported history of head injury with loss of consciousness. Only one participant (CV) provided an outlying low rating on the feedback scales (<6) and was dropped, leaving 23 in both the CVM and CVC groups.
MMPI-2 results were screened to eliminate response sets other than malingering (random responding, yea-saying, and nay-saying). MMPI-2 protocols were required to have Cannot Say < 30, VRIN < 80T , and TRIN < 100T (Graham, 2000) . This resulted in dropping five HIM, two HIC, and two CVM subjects, leaving 18 HIM, 21 HIC, 21 CVM, and 23 CVC participants.
ANOVA procedures indicated that there were no significant differences (all Ps > .05) across groups on age (M = 34.1, S.D. = 12.9), years of education (M = 12.7, S.D. = 2.1), or number of alcoholic drinks consumed per week (M = 3.5, S.D. = 5.7). χ 2 procedures indicated no significant differences (all Ps > .05) on gender (49% male), race (90% white), and dominant hand (95% right). There were significant differences for history of psychiatric treatment (HI: 44%; CV: 0%) and estimated premorbid full scale IQ (HI: 97.1; CV: 103). HI characteristics on the last two variables likely reflect the sequelae of a serious head injury (Lezak, 1995) . These results are very similar to those reported for the larger sample in Vickery et al. (2004) .
When the two HI groups were compared on injury severity parameters, no significant differences were noted on admitting GCS (M = 8.7, S.D. = 4.1, complicated mild = 21%, moderate = 17%, severe = 44%, missing = 18%), duration of loss of consciousness in days (M = 14.5, S.D. = 14.6), time since injury in months (M = 59.1, S.D. = 39.2), positive neuroimaging findings (75%) and neurosurgical intervention (29%). Similar to the report by Vickery et al. (2004) , these results suggest that the two HI groups were comparable on injury severity parameters. et al. (2004) provide extensive detail on the characteristics of the three malingering tests (LMT, DMT, TOMM) within the larger sample. Although data on results from the motivational tests will not be presented here, MANOVA analyses were repeated on the slightly smaller number of participants to confirm previous findings. Comparable to Vickery et al., MANOVA analyses with follow-up ANOVAs for significant findings on motivational test results indicated no significant main effect for HI or interaction between the IS and HI factors (both Ps > .05). However, a significant effect was noted for IS (Wilks' Lambda = .009, approximate F(4, 72) = 1945, P < .001). The two groups with malingering instructions scored significantly lower on all three of the malingering tests. Results from motivational tests in the Table 1 presents results from the MMPI-2 clinical scales, which were not addressed in the Vickery et al. (2004) paper. Similar to findings from the malingering tests, an initial MANOVA indicated no significant effects of HI or the interaction of the HI and IS factors (both Ps > .05). However, a significant effect was noted for IS (Wilks' Lambda = .464, approximate F(9, 71) = 9.11, P < .001). Univariate ANOVAs on each of the clinical scales indicated statistically significant effects of IS (P < .001) on all nine clinical scales analyzed here (scale Table 1 shows the difference between the HIC and CVC groups expressed as Cohen's d. The median d for the effect of head injury was .60 for the clinical scales. The effect of instruction set on the clinical scales appears to be much larger than the effect of a significant head injury. Table 2 presents the MMPI-2 fake bad validity scales. Once again, an initial MANOVA indicated no significant effects for HI or HI × IS (both Ps > .05). However, a significant effect was noted for the IS factor (Wilks' Lambda = .466, approximate F(5, 75) = 17.20, P < .001). Univariate ANOVA indicated significant effect of IS for all five indicators (all Ps < .001). Table 2 also presents Cohen's d values for the IS main effect for each indicator, which had a median d of 1.39. In contrast, the median d for the HI factor was .17 and for HI×IS .23 (neither HI nor HI×IS ds shown in Table 2 ). The median d for the HIC versus CVC contrast was .74. These results indicate that although these validity scales are relatively insensitive to the presence of HI or its interaction with IS, they rise significantly in the presence of feigned head injury symptoms on the MMPI-2. The FBS scale had the median d score of 1.39.
Results
Vickery
Although the ANOVA analyses and d scores provide information on group differences on the MMPI-2 Fake Bad Scales, they do not address individual classification rates, which are of more practical import to clinicians. Table 3 presents sensitivity, specificity and hit rate data based on the recommended cutting score for each MMPI-2 index. The first two columns provide these operating characteristics for the combined HI groups and combined CV groups, respectively. The third column presents sensitivity based on both HIM and CVM groups, whereas specificity was determined only on the HIC group. The CVC group was excluded from this specificity calculation in order to avoid possibly inflating these values by combining data from head injured participants and normal community volunteers answering under standard instructions. Considering this third column most closely, in general results show the traditional MMPI-2 scales characterized by perfect specificity levels but modest sensitivity values, with .41 as the highest, shared by F and Fb. In contrast, the FBS scale had both moderate specificity (.76) and sensitivity (.72). FBS lead the traditional MMPI-2 scales with a correct classification rate of .73 versus the .62 achieved by the most accurate MMPI-2 indices (F and Fb) . For clinical use, sensitivity and specificity must be "translated" into positive predictive power (PPP) and negative predictive power (NPP) which are dependent on base rates (Gouvier, Hayes, & Smiroldo, 1998) . Given the unrealistically high base rate of feigning in the combined HIM, HIC, and CVM groups (65%), Table 4 presents estimated PPP and NPP at several lower base rates. These projections for lower base rates should be regarded with some caution in light of concerns raised by Kraemer (1992) regarding the stability of sensitivity and specificity parameters across different samples. With this caveat in mind, the data in Table 4 present a mixed picture across the various validity indicators. The high specificity rates of the traditional validity scales result in perfect PPP across all base rates. In contrast, the PPP of FBS is modest at the lower base rates presented here, although it climbs to a respectable 85% at the highest base rate. As would be expected, a nearly mirror image is provided by the NPP data, which are consistently highest for the FBS scale, with the traditional validity scales falling slightly lower. Considering overall hit rates, the F and Fb scales are consistently highest across the three lower base rates, although at the highest base rate of 65%, FBS has the best hit rate. These results suggest that FBS has a higher NPP then traditional MMPI-2 validity scales across all base rates examined here, and may also have a better hit rate in settings with very high base rates of malingering (e.g., 65%). However, the PPP of the traditional MMPI-2 validity indices was superior to FBS at all base rates here. Overall, results presented to this point suggest that MMPI-2 validity scales have some moderate utility for detection of feigned head injury symptoms during neuropsychological S.E.: standard error; CI (95%): 95% confidence interval for odds ratio; classification rate: percent correctly classified using logistic regression model; MMPI-2: Minnesota Multiphasic Personality Inventory, 2nd edition; LMT: Letter Memory Test; change R 2 : change in Cox and Snell R 2 from logistic regression, similar to the coefficient of determination in linear regression. Variables available for forward stepwise entry in first analysis included LMT, DMT, TOMM as well as MMPI-2 F, Fb, F(p), Ds2, and FBS scales. In second snalysis, Step 1, LMT, DMT, and TOMM variables available for forward stepwise entry. In second analysis, Step 2, MMPI-2 F, Fb, F(p), Ds2, and FBS scales available for forward stepwise entry. In both analyses, CVM and HIM groups contrasted with only HIC group. * P < .05.
examination. However, previous analyses have not addressed the extent to which these indices have any incremental value, beyond that of the motivational tests, for identifying feigned symptoms. In order to address this issue, an hierarchical forward stepwise logistic regression was run, allowing entry of any of the five MMPI-2 validity scales and/or the three motivational tests (DMT, LMT, TOMM) for identifying malingering in the HIM+CVM versus HIC groups. The first analysis presented in Table 5 shows that the MMPI-2 F scale entered first into the solution, and provided a correct classification rate of just over 79%. Next, the LMT entered, increasing the classification rate to just under 90%. No other variables entered the equation. Surprisingly, results from this logistic regression, which might be viewed as a "horse race" among validity indicators, showed that the MMPI-2 F scale entered the predictive equation first and continued to provide a significant contribution after the LMT entered. Because the first analysis did not provide direct information on any possible increment in predictive power for the MMPI-2 validity scales following entry of the motivational test results, another logistic regression was undertaken. In the second analysis shown in Table 5 , motivational test results were made available first in a block with forward stepwise conditional entry specified. The LMT entered first with an 86% classification rate. The LMT was followed by the TOMM retention trial in the second step. Although the TOMM retention trial variable did not have a statistically significant contribution to the odds ratio, its addition resulted in a slight increase in classification accuracy to just under 90% and its removal resulted in a significant decline in the Wald value. Next, when all the MMPI-2 validity indices were made available for forward stepwise entry, at Step 3 the MMPI-2 Ds2 scale entered with a significant contribution to the odds ratio and an increase in classification accuracy to just over 93%. This result suggests that at least one of the MMPI-2 validity indicators potentially provides an increment in predictive power for identifying malingering beyond that achieved by the motivational tests. Overall, results from the two logistic regressions point to a possible contribution of MMPI-2 validity scales to detecting malingering during neuropsychological examinations. However, the FBS scale did not show an increment in predictive accuracy in either regression.
Discussion
This study explored the potential contribution of MMPI-2 validity scales to identification of malingering during neuropsychological examination. In this analog design, the factor of presence or absence of significant head injury was crossed with instruction set (standard vs. feign head injury). Steps to increase internal and external validity included use of a clinically relevant population (many of whom had previously sought compensation for their injury), matching of HI and CV participants on demographic variables, provision of a clear scenario that participants could identify with, "coaching" using information readily available from web sites of head injury groups and attorneys, warnings to feign believably, monetary incentive (albeit modest) for successful feigning, administration of a fairly comprehensive neuropsychological battery, blinding of test administrators to instructions, elimination of non-compliant participants through debriefing results, screening for response sets other than malingering, and exploration of the possible incremental predictive power of MMPI-2 validity scales beyond that offered by motivational tests.
Results from the MMPI-2 clinical scales showed that instructions to malinger had much greater impact than head injury or the interaction of the factors. Similarly, analysis of the validity scales indicated that only the instruction set factor was significant. All the MMPI-2 validity indictors had robust d values, ranging from 1.26 for the F(p) scale to 2.00 for the F scale, with the FBS scale at the median of 1.39. These results suggest that the MMPI-2 validity scales are sensitive to feigning in an analog forensic neuropsychological examination.
Turning to individual classification rates, traditional MMPI-2 validity indices (F, Fb, F(p) , and Ds2) were characterized by perfect specificity at recommended cutting scores, but modest sensitivity rates. In contrast, FBS had a moderate sensitivity rate (72%) that was substantially higher than the best traditional validity scale value (41%). However, at .76, the specificity rate for FBS was considerably lower than the 100% for the traditional validity scales. Translated into clinically relevant PPP and NPP values at various base rates, these operating characteristics suggest extremely high PPP for the traditional MMPI-2 validity scales, using recommended cutting scores. In contrast, the PPP values for FBS were modest at lower base rates (15% BR = .35, 25% BR = .50, 40% BR = .67), although it should be noted that FBS did achieve a respectable PPP of .85 at the highest base rate. In a nearly mirror image, NPP results suggested that FBS had the highest ability to rule out feigning at all the base rates examined here, although as would be expected, at higher base rates NPP was modest for all scales. FBS appears to have an operating profile that is different from that of traditional MMPI-2 validity scales. Clinicians must decide for themselves which configuration of operating characteristics is most appropriate for their setting.
One of the major goals of this study was to explore the possibility that MMPI-2 validity scales might provide incremental predictive power for detecting malingering during neuropsychological examination and logistic regression analyses were used to evaluate this issue. Somewhat surprisingly, in a "horse race" allowing any of the validity scales and motivational tests to enter as predictors of malingering, the MMPI-2 F scale entered first, followed in the second step by the LMT. This finding points to the possible utility of MMPI-2 validity scales in detecting malingering during neuropsychological assessment. In a second logistic regression allowing any of the motivational tests to enter first from a block, the LMT and TOMM retention trial entered. In the next step, with all MMPI-2 validity indices available to enter, only the Ds2 scale added an increment in predictive power. This suggests that the Ds2 scale, originally developed by Gough (1954) to tap erroneous stereotypes regarding mental illness, may have some incremental validity for identifying feigning during neuropsychological examination. However, in light of the small samples, it will be important to subject these findings to cross-validation in new and larger samples before accepting them for clinical work.
Results from this study are inconsistent with some previous reports. As previously noted, Greiffenstein et al. (1995) found that the MMPI-2 F scale, the best predictor in the present study's "horse race," was ineffective in detecting their clinical malingerers. Although the present results confirmed Larrabee's (1998 Larrabee's ( , 2003 suggestions that FBS is more sensitive to malingering during neuropsychological examination than traditional validity indicators, FBS's superiority here is not as dramatic. An obvious potential explanation for this discrepancy is the fact that the current methodology involved simulated malingering in the context of an analog forensic neuropsychological examination. In contrast, Greiffenstein et al. and Larrabee reported results based on known-groups designs, in which real-world malingerers were identified using motivational test results and other clinically relevant criteria. It is tempting to dismiss the present results as an artifact of a simulation methodology and thus inapplicable to real-world clinical settings.
However, Rogers (1997) has argued for evaluation of malingering scales using both simulation and known-groups designs. Although known-groups designs might easily be considered methodologically superior to simulation studies, the two designs have strengths and limitations that are complementary. Known-groups designs, while tremendously strengthened by use of clinically relevant populations and real-world settings and procedures, have potential limitations. One issue is that known-groups designs are effectively a sampling technique in which a subset of patients is identified using a putative "gold standard." If the inclusion and exclusion properties of the sampling technique are not well understood, biases may potentially operate. It is possible that only a subset of relatively blatant malingerers, or those who adopt a malingering strategy that is amenable to detection by the criteria, is identified. A second potential concern with known-groups designs is that they are not truly experimental, lacking random assignment to groups and investigator control over the experimental variable. Thus, differences between malingerers and non-malingerers on feigning scales may not be exclusively due to the presence or absence of the response set, as a third variable may explain observed differences. A final issue to consider with known-groups designs is that the validity of the selection criteria will set the ceiling for validity of possible predictors examined in the groups. Presentation of these potential concerns with known-groups designs is not intended to suggest that they are fatally flawed. As Rogers (1997) indicates, known-groups designs are a vital component for establishing the validity of malingering detection techniques.
It is equally important to note the limitations of analog malingering research. Even when obsessive attention to detail is employed to render the experimental situation as comparable to real-world settings as possible, the participants, procedures and context of the experimental malingering study can probably never closely approximate forensic clinical settings. However, the analog malingering study does offer the advantages of experimental control over the independent variable of interest, may result in a greater range of malingering strategies being exhibited, and can serve as a relatively controlled test of the accuracy of various detection techniques. Thus, as emphasized by Rogers (1997) , it is important to evaluate all malingering detection scales using both analog and known-groups designs.
This study has a number of weaknesses, including a limited number of participants, provision of only modest financial incentives for successful malingering, use of only moderately to severely injured patients as analog feigners, the significant length of time that had passed between experiencing the injury and current testing in the head injured participants, the arbitrary threshold used to screen for compliance on feedback variables, and the differences on estimated full scale IQ and psychiatric history between HI and CV groups.
Despite these important limitations, the present results suggest that MMPI-2 validity scales may have a role in detection of feigning during neuropsychological examination. Further research is needed to cross-validate these findings, as well as determine which MMPI-2 validity scales, at what cutting scores, are optimal for contributing to the detection of feigning during neuropsychological examinations.
